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1. INTRODUCTION AND PREL IMINARIES  
In 1983, Yannelis and Prabhakar [1] introduced the notion of L-majorized correspondences which 
generalized KF-majorized correspondences due to Borglin and Keiding [2] and studied the ex- 
istence problem of maximal elements and equilibrium problem in abstract economies without 
ordered preferences due to Shafer and Sonnenschein [3]. Moreover, further studies had been done 
by Ding et al. [4], and Tan and Yuan [5]. Since by now there are several economic models where 
nonconvexities are an important feature, the idea H-convexity due to Horvath [6] and Bardaro 
and Ceppitelli [7] is one which lends practical significance to the study of the existence of maximal 
elements and the existence of an equilibrium for a qualitative game and an abstract economy. 
The notion of W-correspondences were introduced in [8]. In this paper, we first introduce the 
notions of W~,-majorized correspondences and W-majorized correspondences in H-spaces, which 
generalize the above corresponding notions. New existence theorems for maximal elements are 
given, and as applications, ome new existence theorems of an equilibrium for a qualitative game 
and an abstract economy are obtained. 
Throughout he paper, all topological spaces are assumed to be Hausdorff. Let X be a 
nonempty set; we denote by 2 x the family of all subsets of X and by ~(X)  the family of 
all nonempty finite subsets of X. 
An H-space is a pair (X, {FA}) where X is a topological space and {FA} is a given family of 
nonempty contractible subsets of X, indexed by A e ~(X)  such that FA C FB whenever A C B. 
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Let (X, {FA}) be an H-space. Then, 
(1) a subset D of X is called H-convex if rA C D for each A • ~(D);  
(2) the H-convex hull of a nonempty subset K in X, denoted by H-  coK,  is the set N{D C 
X : D is H-convex and K C D}. 
Obviously, H -  coK  is H-convex and H-  coK  = U{H-  coA : A is a nonempty finite subset 
of K} (see also [91). 
Let X be a topological space and A c X; we shall denote by A the closure of A and by int A 
the interior of A. If A is a subset of a topological vector space, we shall denote by co A the convex 
hull of A. 
Let X, Y be two topological spaces, T : X ~ 2 Y a multivalued mapping. 
(1) T is said to be upper semicontinuous (respectively, almost upper semicontinuous) if for 
each x • X and each open set V in Y with T(x) C V, there exists an open neighborhood U 
of x in X such that T(z) C V (respectively, T(z) C V) for each z • U. 
(2) T is said to have local intersection property if x • X such that T(x) ¢ 0, then there exists 
an open neighborhood N(x) of x such that  NzeN(~c) T(z) ¢ 0. 
(3) T is said to have open lower sections if for each y • Y, the set T- l (y )  = {x • X : y • T(x)} 
is open in X. 
Obviously, if T has open lower sections, then T has local intersection property. 
The following example shows that a multivalued mapping with local intersection property does 
not need to have open lower sections. 
EXAMPLE i. (See [8].) Let X = [0, 1]. T : X --* 2 x defined by 
T(x) = [0, x], Vx • X. 
Then, for each y E (0, 1], T - [ (y )  = [y, 1] is not open in X. But T has local intersection property, 
obviously. 
Let J be a set of agents. For each a E J, let X~ be a nonempty set of actions. Let X = 
I-LeJ xc .  An abstract economy (or a generalized game) F = (Xc ,Ac ,Bc ,  Pc)ceJ is defined 
as a family of ordered quadruples (Xc, Ac, Be, Pc), where Xc is a topological space (a choice 
set), A,~,Bc~ : X ---* 2 x'~ are constraint correspondence, and Pc : X ~ 2 x-  is a preference 
correspondence. An equilibrium of F is a point i = Hc~Ej;~c e X such that i~ E Be( i )  and 
Ac(.~) A Pc(~.) = 0. F = (Xc, Pc)ceJ is a qualitative game if for each player a • J,  Xc is 
the strategy set of player a, and P~ : X ~ 2 x" is a preference correspondence of player a. A 
maximal element (or, an equilibrium point) of F is point i • X such that Pc ( i)  = 0 for each 
a• J .  
Let X be a topological space, (Y, {FA}) an H-space. A multivalued mapping T : X -* 2 v is 
said to be a generalized H-KKM mapping [8] if for each finite subset {xl, x2 , . . . ,  x~} of X, there 
exists a corresponding finite subset {yl, y2, . . . ,  y~} of Y such that 
k 
F{y'I,Y'2 ..... v'k}C UT(x , j ) ,  
j=l 
for each subset {Yil, Yi2,.-., Yik } of {Yl, Y2 . . . .  , Yn}. 
Let (X, {FA}) be an H-space and Y a nonempty set. T : X --* 2 Y is said to be a W-correspond- 
ence [8] if T has local intersection property, and for each finite subset {Yl, Y2 . . . .  , yn} of Y there 
exists a corresponding finite subset {Xl, x2 , . . . ,  xn} of X such that 
r{~,1,~2 ..... ~k} N i n tT -1  (yi~ = 0, 
i_J=l 
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for each subset {X~l,Xi2,..o ,X~k }of {xl,x2,. . .  ,xn}. T : X ~ 2 Y is said to be a W-majorized 
correspondence if for each x E X with T(x) ~ 0 there exists a multivalued mapping Tx : X --, 2 Y 
such that 
(1) Tx has open lower sections, and 
(2) there exists an open neighborhood N(x) of x such that T(z) C T~(z) for all z E N(x) 
and for each finite subset {Yl,Y2,..., Yn} of Y there exists a corresponding finite subset 
{xl, x2,. . .  ,xn} of X such that 
N(x) N F{~,~,~2 ..... x~k} N int Tx -1 (yij = 0, 
Lj=I 
for each subset {xi~, xi2,..., xi~ } of {xl, x2, . . . ,  xn}. 
PROPOSITION 1. (See [8].) Let (X, {FA}) be an H-space and T : X --~ 2 X a multiwalued 
mapping. If x ¢ H - co[T(x)] for all x E X, then 
for each finite subset {xl, x2 . . . . .  x~} of X. 
For the proof of Proposition 1, refer to [8]. 
REMARK 1. Example 1, Proposition 1, and the following Example 2 show that there are 
W-correspondences and W-majorized correspondences which are not L-correspondences and 
L-majorized correspondences, respectively, introduced by Yannelis and Prabhakar [1] on H-space. 
EXAMPLE 2. (See [8].) Let X --- [0, 1]. Define a multivalued mapping T : X --. 2 x by 
f (x, 1), if x is rational, 
T(x) 
X, if x is irrational. 
Then, T : X --* 2 X is a W-correspondence, but it is not an L-correspondence (see [1]). 
Let J be a set of indexes. For each c~ E J, let (Xa, {F~}) be a nonempty H-space. Let 
X --- [-[aeJ X~. Then, (X, {FA}) is an H-space, where FA = I-Leg F~. for each finite subset A 
of X, An = ra(A) and 7r~ is the projection from X to Xa. T : X --* 2 X° is said to be a 
W~ -majorized correspondence if for each x E X with T(x) ¢ 0, there exists a multivalued 
mapping Tx : X ~ 2 X~ such that 
(1) T, has open lower sections, and 
(2) there exists an open neighborhood N(x) of x such that T(z) C Tx(z) for all z e N(x) 
and for each finite subset {Yl, Y2,-.-, Yn} on Xa there exists a corresponding finite subset 
{x l, x2,. . . ,  xn} of X with 7ra (x~) = y~, i = 1, 2 , . . . ,  n, such that 
N(x) NFsx x x iN  [jNT~-I(Y~J)] =0,  
k *1' ~2~'"' *k J  
=1 
for each subset {xi,,x~2,... ,xik} of {xl,x2,. . .  ,xn}. 
Obviously, a W~ -majorized correspondence T : X -* 2 x" must be a W-majorized correspon- 
dence. 
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PROPOSITION 2. Let J be a set of indices. For each a e J, let (X~,{F~}) be a nonempty 
H-space. Let X = 1-Iaej Xa. Let z 6 X and N(z) be an open neighborhood of z. If Pa : X --~ 
2 x- such that ~r~(x) it H -co[P~(x)] for all x E N(z), then/or each finite subset {Yl, Y2,..., Yn} 
of Xa there exists a corresponding finite subset {x~,x2,. . . ,xn} of X with ~ra(xi) = Yi, i = 
1,2 . . . .  ,n, such that 
1 ] N(z)nr{~, , ,~ ,~ ..... ~,,~}n Pj (y~) =O, 
LJ=I 
for each subset {x~, x~,... ,  x~ } of {zl, z2,..., z,}. 
PROOF. For each finite subset {Yl,Y2,-..,Yn} of Xa, we take a finite subset {x l ,x2, . . . ,xn} 
of X such that ra(xi) = y~ for each i E {1,2 . . . .  ,n}. For each subset {xh,x~2,. . . ,x~} of 
{xl ,x2, . . . ,xn},  if x e Y(z )  n [["lk=l p~l(yi~)], then {Yh,Yi2,. .,Yik} C P,~(x) and x e N(z). 
Since ~ra(x) ¢ H-co[Pc(x)], ~r,~(x) ~g-co{y  h Y~2,... ,Y,k}, and hence r~(x) ~ F~,,  
' 'Y~2 " ' "Y~k } ~ 
so that x it F{= h,x~ 2..... x~k }" It shows that 
N(z)nr{x,l,x,~ ..... x,~}n P j  (y,~) =0, 
L:=I 
for each subset {xh, x~2,..., xi k } of {Xl, x2,.. •, xn}. I 
Proposition 2 shows that an Lx -majorized correspondence (see also [1]) must also be a 
Wx -majorized correspondence. 
2. THE MAIN RESULTS 
THEOREM 1. (See [8].) Let (X, {FA}) be an H-space, Y a nonempty set, and T : X -~ 2 Y 
a W-correspondence. If there exists a point Yo E Y and a compact subset D of X such that 
X \ D C T-l(yo), then there exists a point ~ E X such that T(~) = 0. 
For the proof of Theorem 1, refer to [8]. 
REMARK 2. Theorem 1 generalizes [1, Theorem 5.1] to noncompact H-spaces, and Example 2 
shows that [1, Theorem 5.1] cannot be used to assure the existence of maximal element for 
W-correspondences. Moreover, Theorem 1 and Proposition 1 have other applications. 
THEOREM 2. Let (X, {FA}) be a compact H-space, Y a nonempty set, and T : X --* 2 Y a 
W-majorized correspondence. Then, there exists a point • E X such that T(Yc) = @. 
PROOF. Suppose T(x) ~ ~} for each x E X. Since T : X --* 2 Y is a W-majorized correspondence, 
for each x E X, there exists a multivalued mapping Tx : X -* 2 Y such that 
(1) Tz has open lower sections, and 
(2) there exists an open neighborhood N(x) of x such that T(z) C Tz(z) for all z E N(x) 
and for each finite subset {yl,y2 . . . .  , y,~} of Y there exists a corresponding finite subset 
{xl ,x2, . . .  ,xn} of X such that 
N(x) ¢lF{x,,,=, 2 ..... x,~} M intTx -1 (Yij) = O, 
L:=I 
for each subset {xil, x~2,..., x~k } of {Xl, x2,.. •, xn}. 
As X is normal, there is an open neighborhood U(x) of x such that U(x) C U(x) c N(x). By 
the compactness of X, there exist finite points Xl,X2,...,  xn E X such that {U(Xl), U(x2), . . . ,  
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U(xn)} is a covering of X. For each i • {1, 2 , . . . ,  n}, define a multivalued mapping Si : X --* 2 v 
by 
Tz, (z), if z • U(xi), 
S~(z) 
I X, if z q~ U(xi). 
Then, for each y • Y, 
_- o \ _- 
is open because T~ 1 (y) is open. 
For each z E X, let S(z) n Si(z). Then, X --* 2 v = ~i=1 S : has open lower sections so 
that S has local intersection property. If there exists a finite subset {Yl,Y2,-..,Ym} of Y 
such that for each finite subset {Zl,Z2,. . . ,Zm} of X there is a subset {zi~,zi~,. . . ,z ik} of 
. .  ['7 k {Zl,Z2,. ,zm} such that F{z,~,~2 ..... z,~} N[ a=lintS- l(yio)]  ~ 9, then there is a point x C 
F{zq,~2 ..... ~k} A [Dk=l int S-l(yio)]. Since {U(xl), V(x2),. . . ,  U(xn)} is a finite open covering 
k of X, there is p e {1, 2 , . . . ,  n} such that x e V(xp). If x • Aa=l int[Spl(Yi~)], then there exists 
an open neighborhood O(x) of z such that O(x) C U(xp) ~ [[~k=l S~-l(yi~)]. Consequently, for 
k each z • O(x) we have {Yi~,Yi2,...,Yik} C Sp(z) = Tx,(Z), i.e., z • ~a=l TZ,,l(yi~), and hence 
k k x • ~=1 int[T~,l(Yi~)] • Therefore, z • N(xp)~ F{~q,z,~ ..... z~} ~ [~a=l intT~(Yi-)]  • It contra- 
k • 1 diets (2). Hence, x ~ Nka=l int[Sp~(yi~)] so that x ¢ Na=l mt S-  (y~). This contradicts choice 
of x. Hence, for each finite subset {y~, Y2,..., Ym} of Y, there exists a corresponding finite subset 
{Zl, z2, . . . ,  Zm} of X such that 
F{zq,~, 2 ..... z,~} ~ int  (S  -1  (y i , , )  : 9, 
La--1 
for each subset {zil, z i2, . . . ,  zik } of {Zl, z2, . . . ,  Zm}. 
Summing up the above argument, we know that S : X -* 2 v is a W-correspondence. Moreover, 
for each z E X, i fz  E U(xi) C N(x i )  for some i E {1,2,.. .  ,n}, then T(z) C Tx~(z) = Si(z), and 
if z q~ U(xi), then Si(z) = X,  and hence T(z) C S(z). Hence, S : T --* 2 Y satisfies all conditions 
of Theorem 1. By virtue of Theorem 1, there exists a point x* E X such that S(x*) = 0, which 
contradicts the assumption that T(x) ¢ 9 for all x E X. Hence, there exists a point ~ E X such 
that T(~) = 9. This completes the proof. | 
REMARK 3. Theorem 2 generalizes [1, Corollary 5.1] and [4, Theorem 1] to H-spaces, and the 
condition that T is an L-majorized correspondence is weakened to the condition that T : X ~ 2 Y 
is a W-majorized correspondence. 
THEOREM 3. Let F = (Xa,Pa)aeJ  be a qualitative game where J is an index set such that for 
each a E J, 
(i) (X~, {F~}) is a compact H-space; 
(ii) the mapping P~ : X := [Le J  Xa ~ 2 x defined by 
~'(x)  = #21[P~(x)], v~ e x ,  
is a W-majorized correspondence; 
(iii) the set Go = {x E X : P~(x) ~ 0} is open in X.  
Then, there exists a point • E X such that P~(~) = 9/:or all a E J; i.e., • is a maximal element 
of F. 
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PROOF. By (i), we know that X is a compact H-space. For each x E X, let J(x) = {a E J : 
P~(x) ~ 0}. Define a multivalued mapping T : X -~ 2 x by 
N P~(x), i f J (x )¢0 ,  
T(x) = ~eJ(x) 
0, if J ( z )  = 0. 
For each x with J(x) ¢ 0, we can prove T(x) ¢ 0. Hence, P~(x) ¢ 0 for all a • J(x). Take one 
fixed a • J(x). By Condition (ii) there exists a correspondence Sa : X ~ 2 x such that 
(1) S~ has open lower sections, and 
(2) there exists an open neighborhood N(x) of x such that P~(z) C Sa(z) for all z • N(x), 
and for each finite subset {Yl, Y2,..., Yn} of X there exists a corresponding finite subset 
{xl, x2, . . . ,  xn} of X such that 
N(x) AFIx, x ~ ~AI j~ intS~- l (Y i l )  / 
L "l' i2,"" ikJ =1 
for each subset {xi,, xi2, • • •, xik } of {xl, x2,. • •, xn }. 
Since x • Ga and Ga is open, we may assume N(x) C G~. Consequently, for each z • N(x) 
we have T(z) = NieJ(z) P~(z) c P~(z) c S~(z). Hence, T : X ~ 2 X is a W-majorized 
correspondence. By virtue of Theorem 2, there exists a point ~ • X such that T(~) = 0. 
It shows that J(~) = 0, i.e., P~(~) = 0 for all c~ • J. This completes the proof. | 
THEOREM 4. Let F = (Xa,Pa)aEJ be a qualitative game where J is an index set such that for 
each a • J, 
(i) (Z~, {F~}) is a compact H-space; 
(ii) the mapping P~ : X :-- l-Iaej Xa --+ 2 x(~ is a W-majorized correspondence; 
(iii) the set Ga = {x • X : Pa (x) ~ 0} is open in X. 
Then, there exists a point • • X such that Pa(2) = 0 for all a • J; i.e., ~ is a maximal element 
ofF. 
PROOF. By Theorem 3, it is sufficient o prove that the mapping P~ : X ~ 2 x defined by 
P~(x) = 7r~l[Pa(x)], Vx • X, 
is a W-majorized correspondence. 
For each x • X with P~(x) ~: 0, Pa(x) # 0. By (ii), there exists a correspondence ~a : X --* 
2 x-  such that 
(1) ~a has open lower sections, and 
(2) there exists an open neighborhood N(x) of x such that Pc(z) C Oa(z) for all z • N(x), 
and for each finite subset {Yl, Y2,-.., Yn} of X~ there exists a corresponding finite subset 
{xl, x2, . . . ,  x,} of X such that 
N(x) A F{x~,x~2 ..... ~,~} A [ ~ int ¢~1 (Yij) / 
f.~ . . i  
Lj j = l  
for each subset {xi~, xi2,. • •, xi~ } of {xl, x2, . . . ,  xn}. 
Now, we define ~a : X ~ 2 z by ~a(z) = ~r~l[~a(z)] for all z • X. For each z • N(x), since 
P~(z) C ¢~(z), P~(z) C ~(z ) .  For each finite subset {u~,uu,... ,un} of X, let Yi = ~r~(ui), 
i = 1 ,2 , . . . ,  n. Then, there exists a corresponding finite subset {x~, x~ . . . .  , Xn} of X such that 
N(x) AF{~,~,~ ..... x~}A /~ int ,~(y i j ) /  
L J j= l  
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for each subset {xi l ,x i2, . . .  ,xi~} of {Xl,X2,... ,xn}. But q)~l(yij ) = q)~l[lrs(uG)] = ~ l (u i~) ,  
..... M [ f i  int q2 1 (ui )l 
[j J =1 
for each subset {xil, x i2, . . . ,  xik } of {Xl, x2, . . . ,  xn}. Since again for each v E X, 
ff-/~l(v) = {U e X :  v E IxOs(u)} = {u e X:v  e 71"(~1 [(I)s(u)]} 
= {u e x :  e Cs(u)) = 
is open in X, ~s  : X ~ 2 X has open lower sections. 
Summing up the above arguments, we know that P~ : X ~ 2 x is a W-majorized correspon- 
dence. This completes the proof. I 
REMARK 4. By Proposition 2, every £:~,-majorized correspondence must be a W-majorized 
correspondence. Hence, Theorem 4 generalizes [5, Theorem 3.1] to H-spaces, and the condi- 
tion that P~ is an £:~ -majorized correspondence is weakened to the condition that P~ is a 
W-majorized correspondence. 
THEOREM 5. Let F = ( Xs ,  As, Bs, Ps)s~ J be an abstract economy. For each a E J, assume the 
following conditions hold: 
(i) (Xs, {F~}) is a compact H-space; 
(ii) for each x E X := 1-Isej Xs ,  As(x) # 0 and H - co[As(x)] C Ba(x); 
(iii) As : X --* 2 X- has open lower sections; 
(iv) the multivalued mapping B---~ : X --* 2 x" defined by 
i 
Bs(x)  = Ba(x), Vx E X,  
is upper semicontinuous; 
(v) the mapping As N Ps : X --* 2 x~ defined by 
(AsnPs) (x )  =As(x )  NPs(x),  VxEX,  
is a W~ -majorized correspondence, and set Gs = {x E X : As(x)  M Ps(x) # 0} is open 
inX .  
Then, F has an equilibrium point • E X,  i.e., ~s(~) E B~(~) and As(~) ¢3 Ps(~) = 0 for each 
aE J .  
PROOF. For each a E J,  since the multivalued mapping ~ : X --* 2 x~ is upper semicontinuous, 
the set 
vs := {x e x :   s(x) e 
is closed in X. For each x ~ X, let 
Ts(x) = 
As(x) M Ps(x), i f x  E Fs, 
( As (x), if x ¢ Fs. 
Then, Ts : X --+ 2 x" is a multivalued mapping. Now, we prove that Ts : X -* 2 x~ is a 
W-majorized correspondence. 
For each x E X with Ts(x) # 0, the following hold. 
(1 °) If x q~ Fs, then the multivalued mapping Sx = As : X --~ 2 x~ has open lower sections. 
Let N(x)  = X \ Fs. Then, N(x)  is an open neighborhood of x in X and Try(z) 
B-'~a(z) D H - co[As(z)] = H - coSz(z) and Ts(z) C S~(z) for all z E N(x).  For each 
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finite subset {y~,y2,... ,yn} of Xs, we take {x~,x2 . . . .  ,xn} C X such that ~rs(xi) -- yi, 
i = 1 ,2 , . . . ,n .  For each subset {xi~,xi~,.. . ,xi~} of {x~,x2, . . . ,Xn},  if z • N(x)  
[n~=~ s~-l(yi~)], then {yi~,yi~,... ,yi~} c S~(z) and z • N(x),  and hence ~rs(z) ~ H-  
co{yi~,yi~,...,yi~} D F~u,~,u,~ ..... ~,~} so that z ~ F{zq,x~ ..... x,~}. This shows N(x)  A 
k 
If x ~ Fs, then Ts(x) = As(x)  M Ps(x). By (v), there exists a correspondence (I)z : 
X --* 2 x° such that (I)z : X --* 2 X" has open lower sections and there exists an open 
neighborhood N~(x) of x in X such that (As ~ Ps)(Z) C (I)z(z) for all z • N~(x), and 
for each finite subset {yl ,y2, . . .  ,Yn} of Xs  there exists a corresponding finite subset 
{x~,x~,. . .  ,x~} of X with ~rs(xi) = Yi such that 
Nffx)nr~, ~ z ~n[~o;~(y~)] =0, 
( ~'1 ~ ~21' ' '~ ~k J  
=1 
for each subset {x i l ,x i : , . . . ,x i~} of {x~,x2, . . . ,xn}.  Define the multivalued mapping 
S~ : X ~ 2 x" by 
As(z) n ~(z) ,  if z • Fs, 
Sz(z) = As(z) ,  if z ¢ Fs. 
For each y ff Xs, the set 
S;l(y) = {z e X :  y • S~(z)} = {z • X:  y • As(z) n ~(z)}  U {z • X \ F~: y E As(z)} 
= A;l(y) N [~-l(y) U (X \ Fs)] 
is open in X. Hence, Sx : X --* 2 x-  has open lower sections. For each z E Nl(x),  if z • Fs, then 
Sx(z) = As(z)  N ~x(z) D (As N Ps)(Z) = Ts(z), and if z ~ Fs, then Sz(z) = As(z)  = Ts(z).  
For each subset {xi~,xi2,. •• ,zi~} of {xl,x2, .. • ,xn} and each z e g l (x )  n [n~=l Sx-l(yi~)], 
then {yi~,yi~,...,yi~} c Sx(z). If z ~ Fs, then Sx(z) = As(z)  and 7ra(z) ~ H - coAa(z) = 
g -  coS~(z), and hence its(Z) ~ g -  co{yi,,Yi2,...,Yi~} D F~y~,,y,2 ..... y,~}. Consequently, 
z ~ F{~,,~,2 ..... z,k}. If z E Fs, then {Yi,,Yi2,... ,Yik} C Sx(z) = As(z)  n (I)x(z) c Cx(z), and 
k hence z • Nl(x)  N [nj=l (I);t(Yij)], so that z ¢ F(x~,,~2 ..... ~k}" It shows that 
k 
Nl(x)  N F {xq,x~ 2 ..... z~k } N s ;1  (Yij) 
j= l  
=0, 
for each subset {xil, x i2, . . . ,  xik } of {zl,  x2, . . . ,  xn}. 
Summing up the above (1 °) and (20), we know that Ts : X --* 2 x~ is a W-majorized corre- 
spondence. Since Gs is open and Fs is closed, the set 
{~ • x : T.(z) # O} = am u (X \ G)  
is open in X. Consequently, by virtue of Theorem 4 there exists a point 5: E X such that 
Ts(~) = 0 for all a E J. Since As(x)  ¢ @ for a l l x  • X, • • Fs for a l la  • J,  and hence 
A~(5:) N Ps(~) = 0 and 7rs(~) • B~(5:) for all a E J. This completes the proof. I 
COROLLARY 6. Let F = (Xa, As, Bs,  Pa)seg be an abstract economy. For each c~ • J, assume 
the following conditions hold: 
(i) (Xa, {F~}) is a compact H-space; 
(ii) for each x • X := Hse J  Xs ,  As(x)  ~ 0 and H - co[An(x)] c Ba(x); 
(iii) Aa : X --* 2 x-  has open lower sections; 
(iv) B~ : X -* 2 x" is almost upper semicontinuous; 
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(v) the mapping As  n Ps : X --* 2 x" defined by 
(As n P.)(z) = As(x) n Ps(x), Vx • X, 
is a W,  -majorized correspondence, and set Gs = {x E X : As(x)  n Ps(x) # O} is open 
in X .  
Then, F has an equilibrium point ~ • X .  
PROOF. Since Bs : X ~ 2 x° is almost upper semicontinuous, the mapping Ba : X --* 2 x~ 
defined by 
~-:(~) = Bs(~), vz  • x ,  
is also almost upper semicontinuous, and hence the mapping B---~ : X --+ 2 Xo is upper semicontin- 
uous by Lemma 1 of Rem and Kim [10]. Consequently, the conclusion follows from Theorem 5. | 
COROLLARY 7. Let F = (Xs ,As ,Ba ,Ps )seg  be an abstract economy. For each a • J, assume 
the following conditions hold: 
(i) (Xa, {F~}) is a compact H-space; 
(ii) for each x • X := 1-Isej Xs ,  Aa(x) ~ 0 and H - colAs(x)] C Bs(x);  
(iii) As : X -~ 2 x~ has open lower sections; 
(iv) the multivalued mapping B--~ : X -* 2 x" defined by 
-g2.(x) = Bs(x), Vx • X, 
is upper semicontinuous; 
(v) Ps : X -+ 2 x~ is a W# -majorized correspondence, and set Gs = {x E X : As(x)  n 
Ps(x) # 0} is open in X .  
Then, F has an equilibrium point Y. E X ,  i.e., zrs(Y~) E Ba(Y.) and As(~.) n Ps(Y~) = 0 for each 
a• J .  
PROOF. Since Ps : X --* 2 x~' is a Wr -majorized correspondence, the mapping A~n Ps : X 
2 x" defined by 
(Aan  Pa)(x) = As(x) n Ps(x), Vx • X,  
is a W~ -majorized correspondence. Hence, the conclusion follows from Theorem 5. | 
COROLLARY S. Let F = (Xs, As, Bs, Ps)seJ  be an abstract economy. For each a • J, assume 
the following conditions hold: 
(i) (Xs, {F~}) is a compact H-space; 
(ii) for each z • X := rIseg xs ,  As(x)  # O, and H - co[As(x)] c Bs(z);  
(iii) As, Ps : X --+ 2 x~ have open lower sections; 
(iv) the multivalued mapping B--7(x) : X -+ 2 x(~ defined by 
B.(z)  = Bs(z), Vx E X, 
is upper semicontinuous; 
(v) for each x E X with A~(x) n Ps(x) # O, there exists an open neighborhood N(x)  of x 
such that for each finite subset (Yl, Y2,.-., Yn} of Xs  there exists a corresponding finite 
subset {x l ,x2 , . . .  ,xn} of X with zrs(xi) = gi, i = 1,2,. . .  ,n, such that 
N(x) n r{~,1,% ..... x,~ } R A~ 1 (y~j) n p~-i (yij = 0, 
LJ=I 
for each subset {xil, xi2, . . . , xik } of {Xl,  X2 , . . .  , Xn}. 
1106 X. Wu 
Then, F has an equilibrium point .2 e X ,  i.e., ~rs(2) • Bs(~)  and A~(~) N Pa(x)  = 0 for each 
ac J .  
PROOF. Obviously, (iii) and (v) imply the Condition (v) of Theorem 5. Hence, the conclusion 
follows from Theorem 5. | 
By using Proposit ion 2 and Corollary 8, we may prove the following Corollary 9. 
COROLLARY 9. Let F = (Xs ,As ,Ba ,Ps )ae j  be an abstract economy. For each a • J, assume 
the following conditions hold: 
(i) (X~, {F~}) is a compact H-space; 
(ii) for each x • X := I ] se J  X~, As (x )  ¢ 0, and H - co[As(x)] C Sa(x) ;  
(iii) As ,  Ps : X -* 2 x"  have open lower sections; 
(iv) the multivalued mapping B---~ : X ~ 2 x"  defined by 
Bs(x) = Bs(x), Vz • X, 
is upper semicontinuous; 
(v) n~(x) ~ H - co[A~(x) N P~(z)] for a11 x • X .  
Then, F has an equilibrium point ~ • X,  i.e., ~s(~) • Ba(~) and A~(~) ~ P~(~) = 0 for each 
aE J .  
REMARK 5. Corollary 9 generalizes [1, Theorem 6.1] to H-spaces in the following ways: 
(a) J need not be countable; 
(b) X~ need not be metrizable; 
(c) Am and Bs  need not be identical for each a • J ;  
(d) the Condition (v) that  7ra(x) ~ H - co[As(x) N Pa(x)] is weaker than the Condit ion (vi) 
in [1, Theorem 6.1] that  ~rs(x ) ~ H-  coPa(x)  for all x • X.  Hence, Corollary 9, 
Corollary 8, and Theorem 5 do more than show that [1, Theorem 6.1] can be extended to 
nonmetrizable H-spaces without introducing additional assumptions. 
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